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What will we know when we will have 
the complete sequence of each of our 

genomes?
Jaume Bertranpetit 

Universitat Pompeu Fabra
Barcelona

The revolution in the Life Sciences

Living organisms may be viewed 
as the only part of  the natural 
world whose members contain 
internal description of  
themselves.
Thi  i  h  th  h l  bi l  t This is why the whole biology must 
be rooted in the DNA, and our task 
is still to discover how these DNA 
sequences arose in evolution and 
how they are interpreted in to 
build the diversity of  the living 
world, including disease.
Sydney Brenner, dec 2012, Science

Sequence

�• Single base-pair changes �– point mutations (SNPs, Single 
Nucleotide Polymorphisms: 3Mb diff  between any two 
genomes)

�• Small insertions/deletions

�• Variable number of  tandem repeats (microsatellite, 
minisatellite

Forms of  genomic variation

Cytogenetics

�• Mobile elements�—retroelement insertions (300bp -10 kb in 
size)

�• Large-scale genomic variation (>10 kb)

�– Large-scale Deletions and Amplifications

�– Segmental Duplications / Copy Number Variation (CNVs, 
Up to 15Mb diff. between any two genomes)

�• Chromosomal variation�—translocations, inversions, fusions. 

SNPs in the Human Genome
�• Normally biallelic (two variants)
�• Allelic frequencies present differences between 

populations.
�• Phenotypic effect: normally without effect

Forms of  genomic variation

�• Public databases for SNPs
http://www.nhgri.nih.gov,  
http://www.snp.cshl.org
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At the interspecific level

Linking genes and phenotypes

At the intraspecific level

Linking genes and phenotypes

GENOTYPE
VARIATION

Genetic Epidemiology,
Statistical Genomics

Linking genomic and phenotypic variation

PHENOTYPE 
(Disease)

VARIATION

Statistical Genomics,
Systems Biology...

Types of disease:
Molecular classification of human diseases

• Cell? Germinal or somatic

Exogenous diseases: Infections, Intoxication, Nutritional
(NURTURE)

Disease as a phenotype

Genetic diseases:
• Alteration?

• Genome?

- Genic (mutations, ins/del)
- Chromosomal

-Nuclear
-Mitocondrial

Simple pattern of inheritance
Complex or multifactorial diseases:

(NATURE)

(NATURE vs NURTURE)

- High prevalence
-Cardiopathy
-Reumatoid Arthritis
-Aunoimmune disease
-Psichiatic diseases 
C

Complex diseases

Disease as a phenotype

-Cancer

- Relevant genetic component 
- No simple mendelian inheritance pattern
- Several genes with small contrintion 

(susceptibility)
- Multiple alleles interacting among themselves and 

with the environment. 

Allele frequency and genetic effect

From: TA Manolio et al. Nature 461, 747-753 (2009) doi:10.1038/nature08494
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Sequencing of individual genomes
*HQRPH -RXUQDO�6RXUFH <HDU
-��&UDLJ�9HQWHU 3/R6�%LRORJ\ ����
-DPHV�'��:DWVRQ 1DWXUH ����
0DUMROHLQ�.ULHN /80& ����
<RUXEDQ�$IULFDQ 1DWXUH ����
+DQ�&KLQHVH 1DWXUH ����
6WHSKHQ�4XDNH 1DWXUH�%LRWHFKQRORJ\ ����
*HRUJH�&KXUFK 3HUVRQDO�*HQRPH�

3URMHFW
����

+HUPDQQ�+DXVHU ,OOXPLQD ����
��.RUHDQV 1DWXUH�*HQRPH�

5HVHDUFK
����

��LQGLYLGXDOV .QRPH ����
'HVPRQG�7XWX 1DWXUH ����
�*XEL 1DWXUH ����
����LQGLYLGXDOV �����*HQRPHV�3URMHFW ����

Authors (48 in total)

Sequencing data generation (11)

Data analysis (36)

Li et al. 2010

Coventry et al. 2010

Deep resequencing in human populations

Keinan et al. 2012

Gravel et al. 2011

Tennessen et al. 2012 Nelson et al. 2012
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human populations show an excess of
rare variants, which are enriched for

disease causingmutations

85% 5% 10%
The old picture of human genetic variation …

… and the new picture

From Casals and Bertranpetit. Science 2012 . Human Genetic 
Variation, Shared and Private.

The case of  my individual genome

1.- Color-blindness

2.- Disease risk (complex diseases)

3.- Carrier status (severe genetic diseases)

4 Traits (physical characteristics)4.- Traits (physical characteristics)

5.- Drug response

6.- Ancestry (origins)
Maternal origin (mtDNA)
Paternal origin (Y-chromosome)
Autosomal genome
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